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. IN;RODJCTIOV

The Inst1tute oF Geophys.cs and P]anetary Phys1cs proposed to
cont1nue the use of.data from Explorer 33 and 35 in conJunct1on_
with data- from UCLA space: f11ght experiments to. extend present
stud1es of the effects of the so]ar w1nd and 1nterp]anetary mag-
ngt1c field on the bow shock and geomagnet1c cavity. -This re-
_dnewaﬂ‘proposaT was.rejected due to lack of funds. we are now
submitting this proposal as OOr_ffnalvrepori. Tﬁe work completed
on this grant is_covefed in detail by thisvreport, aé well as
. work that was under way but not yét complete, and a discussion of

- what remains- to be donejih>the'proposéd“area of study.



I. . WORK COMPLETED

1. Data Acquisition

Our correlative data from the Ekp]orer 33 and 35 magnetometer
consjst of.thfeeitypES: 1micrpf11m b]ofs, 1 hour gVerages;‘anH‘81.2
éecond averagés.  wé have obtained*ihe microfi]m plots from_the
Natibné] Sbace Science Data Center for Explorer 33 from_Ju1y11966 A
to July 1969 and forAExpTGQér 35 from July 1967 to July 1969. From
the Ames Research Center we have obfained hourTy averagesvfok the
years 1967 and 1968 and thelél.z second averages. ' The 81.2 second
averages are on magnetic tape and‘co?er the period from March to
-NoVembef 1968. fhese.data~were_origina11y on IBM 7094 7-track mag-
nefic tapés'and we have re%ormatted them into IBM 360 9-tra¢k tapes,
-_thus proVidihg dafa compatible with the tomputérs‘of;a'1afger seg-
-Ament of théusciehfific.éOmmﬁnity- | | o

We have also acquired'brbit data fdr Explorer 33'for'the period
fromﬂdéhuary 14, 1968, to August 6, I968;\and November‘11,‘1968,to’
.February 4, 1969, on microfiim (predictéd world mabs)."Déta for

the intervening period’haVe been acquiréd on magnetic tapes.



- 2. " Computer Programs |

| We have written pfogramsAto réad,;prinf; and p]ot‘th§>high
resolution Exp]orer'33 and 35 data fdr COrrelétion Studies‘with
6thér's£té11ife”data."FUrther;'we'havé_writfén'a.specia]izedm
~analysis program usinglfhe Explorer 33 or 35 field direction and
thé_OGO 5 okbitaT'data tb giveﬂfhéfang]e befweeh the interp]énetary
_ fie1d andAthe shock normal and éiso to find the;positibn‘of inter-

section on the bow shock of théiffe1dl1ine_§hfpugh 060 5.




3.  Research

da. Polar Cusp. Explorer 33 data in IPM showed that repeated
'encounters of the po1ar'cuspfby OGO 5 on November 17 1968 were ~due-
to the chang1ng north-south- component of 1nterp]anetary magnet1c

ff1e1d ! Spec1f1ca11y, when the 1nterp1anetary f1e1d was southward-

’f‘the po]ar cusp moved equatorward Further ana1y51s of the Exp]orer

:‘33 and OGO 5 data has revealed other and-perhaps more 1mportant

| control of the po]ar cusp by the 1nterp1anetary magnetic field. 2

" When the 1nterp1anetary field is northward ‘the electron tempera;
'”ture is a factor of 2 higherinthe poTar cusp than whenvthe inter-
p]anetary.fieldlié soothward Forther, the currents'in the potar
cusp are stronger when the 1nterp1anetary f1e1d is’ southward than
nwhen 1t 1s northward | » ‘
| b. Substorms. The Explorer 33 and 35 data have been used to
study the effect of the interplanetary maonetic fie]d‘on the growth».
phase of substorms. Sbecifita11y;'it'is found that the growth

phase occurs when the interplanetary field torns southward3 and that
,qutet geomegnetic periods occur during intervals of northwardvinter-
p]anetary field. 4 | |

c. Geomagnet1c Act1v1ty Our'corre1ative work on‘thezeffect

:[-of the or1entat1on of the north-south component of the 1nterp]ane-

tary magnet1c f1e1d on both the magnetoaause and the polar cusp

_ us1ng the Explorer 33 and 35vdata plus the'experience gained in
'coordinete transformations required for these correlations led us
to éttempt to solve an agefold problem of geomagnetism: the semi-

5

annual variation of geomagnetic actiyity. Qur explanation. is
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~simply that fhe_changing'orientation tnrougnout the year ef the>so1ar
.magnetospheric coordinate system, in which the 1nteraetion at the
magnetopeuse is contro]]ed,'relat1ve to the solar equator1a1 co--
ordinete.system in'whfch the interplanetary field is . ordered,. 1eads
to a>véryin§‘probebi1ity thnoughpnt the year that'the 1nterp1anetary
fie]d will be southward. This soufnward fie1d<then causes Snb?
.storms‘and nence increases geomagnetic actfvity. A]thdugh this
.brdject-affected the amount of time we were‘abTe to snend on the.
defeiled eorre]atiOn ana]ysis’that'we had expected to undertake;

it represented a direct application of the know1edge we had been

: 'gathering dur1ng these ana]yses and hence we 3udged th1s proJecL

a veluab]e investment of our efforts.

-}d;"Nortn;South Component of the'interp1anetary‘Magnetic Field.
The dependence of the everage nontheeouth eompOnent (in-so]ar equa-
~toriai eoordinetes) of the 1nterp1anetary field on the poTarity of_
the field (towards or away from the éun) which was originally found
with Mariner data, hasvbeen confirmed uéing-Exp]orer 33 end 35'data
.'in-1967-and ]968 6 The re]ationshipvfonnd.is such.that for‘an
1nterp1anetary f1e1d d1rected outward from the sun, the mean va]ue
of B ‘was negative above the equator1a1 p]ane and pos1t1ve be]ow 1tv

and vice versa for an inward field.
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' ~II. WORK IN PROGRESS
1. Computer Programs ' ’ .

Work was underway to make daily plots of both the
Explorer 33 and 35 data for the period of March 1 to November 1,.
1968. These would serve the same purpose .as ground basedjmagneto—_

grams and would have similar formats.



2. Research

a. Polar Cusg The study of the polar cusp as- revea]ed in

the 0G0 5 data and the influences of the 1nterp1anetary magnet1c
f1e]d was cont1nu1ng. We were concentrat1ng on the currentsd
within the:polar cusp.

b. Substorms The study of individual substorms 1n the - ta11

»_’and the effects of changes in the 1nterp1anetary med1um was con- .

t1nu1ng We' also were beginning to use new ground 1nd1ces con-
- structed from Tow 1at1tude observator1es and compare with the ATS 1
magnetometer data. | |

c. The Magnetopause. We had reinitiated our study of the

_hmagnetopause and had begun to analyze the energetic particle data,

‘low energy particle data and the magnetic field as a function of

. 4D
B Tie ]

"~ the orientation of the interolanetary magnetic‘fie1d.

d. The Magnetosphere. “In the 1ow'1atitude‘predawn region of

- the magnetosphere at about 8 R_, many 0G0 5 passes reveal an oscil-
lation of the plasma sheet boundary with a period of 5-10 minutes.

- We have examined the interplanetary: magnet1c field for evidence of
similar fluctuations in the jnterp1anetary medium and have found
none. However, in each of these instancesiexamined to date, the
»"interp]anetary field was southward.

e. -The Shock Front. TheAstructUre of-the-earth's bow shock

is.quite'variedQ Preliminary studies using the Explorer data toi
measure the orientation of the interplanetary field, have shown
that. some ordering of the shock structure is achieved by considering

the angle between the interplanetary field and the local normal to



.the}earth's bow-shock. When this angle iS’large;'the shock is a

simple discontinuity. At progressively smailer angles precursor’

‘waves appear. At small angles, the shock front is'turbu]ent'ahd~

1rregu1ar in structure

f. Horth- South Component of Interp]anetary Magnet1c Field.

As ‘the Exp]orer data for ]970 are.- ana]yzed we shall recejve tapesh

of the 1 hour averages of the data of the 1nterp]anetary magnetic

field. The north-south component and the polarity of the inter-

p1anetary-magnet1c'fie1d was then be aha]yzed. Thevyear'1970 is

of part1cu1ar interest because it is. at and right after solar maxi-

'mum when the act1v1ty starts to decrease and the d1polar field at

the;sun s poles may. change.
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ITI. PROPOSED RESEARCH

" "The correlation study undertaken betWeen“the,Exp1dker"33,éhd'
35 data and the OGO'S daté has been very rewarding fo.date,.and the
role of the interplanetary field in controlling magnetospheric pro-
;esses‘hassbeeh revea]éd to be even'moré_unfversg] than previbus1y‘
'expéc£Ed;_Athon]yxdde$~;he southward compohent control the growth
“rhasegof substorms,'fn’wﬁich the f]ux of the daysfde magnetosphere
is eroded and transported to thé té1], but it also controls the
processes 0ccurrihg in the polar cusp. 'Furtﬁér evidence for this
controf'isxfhe success of our mode] of the semiannual variation of
'geomagnétié activity in which the 1ntefplénetary magnetic field is.
the primary agent. Further,}we note that even the bow shock is
affecfed by the drientationfof'the field. H |

;:Finél1y, we ndtéfkgat our.studies’have reVeaiedva new ordering
tobthe’fnfekp1anetary field itse]f. The interp]ahetary'fie1d is
- skewéd.with réspect to the simpTe Parker spiral.
| Although this study has been quite successfu],'resu1ting in
‘six pub11cafibns, aé we have shown in Section II, there aré many'
unfinfshed'projectsf We would like fo understand in detai1 what"
cﬁahges occur in the bo]ar cusp, what is the chéngé'iﬁ the struc-.
“ture of the magnetopause, how do the oscil]ations.of the plasma
sheet érise, how canvground data be-used'to determihe what is
occurrihg'in the tail and in interplanetary spacé, and what is the
exact dependence of the bow'shoék structure on thé.intérplanetary
magnetic field. We note further fhat some groups still do ﬁot
accept the coﬁtro] of the ihterp]anétary magnetic field in pro-

ducing the growth phase of substorms; and thus, we must yet
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ana]yze/furtner substorms in deta11 Fina11y, we note the impor-
'tance of cont1nu1ng the study of the propert1es of the 1nterp1an9tary
magnetic f1e1d as the solar magnetic field evolves dur1ng the pre-
sent solar cycle. The 1970 data span is a cr1t1ca1 per1od dur1ng |
which this phase of the,var1at1ons of'the interplanetary field
shou]d be carefu]ly ana]yzed | . B

| - The method we have found that is most fru1tfu1 and most con-'
vincing in our corre]atlon stud1es is the analysis in detail of
severa]_individua1 events. We feel that further analysis shou]d.be car-
ried out in this way. For if one can exp1ain the many détaiTs’of a
specific §equence of events, one demonétrates that he understand;A

fthe contrclling mechanisms. Thus,'we-WOuld choose events in the

050
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data, SLch'a:'a'rerie

(%2}

gf shock rrp<<1nc< magnétopause‘
encounters, or substdrms and compare them in detaid‘wdth the inter-
‘pianetary.f1e1d Since the data files for Exp]orer and 0G0 5 exist
'.1n read11y access1b1e form we need not carry out any expen51ve

| data process1ng but rather tou]d proceed with a 1ow cost ana]ys1s

program.



